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Protein malnutrition after weaning changes the neurotransmission in neural pathways that
organize cardiovascular reflexes in rats. The present study evaluates whether protein malnutri-Available online 16 August 2012
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tion alters the expression of c-fos protein (immediate-early gene expression) in central areas
involved in the control of cardiovascular reflexes after intermittent stimulation of the
baroreflex. The main nuclei we focused were paraventricular hypothalamus (PVH); nucleus
tract solitarii (NTS); rostral ventromedial medulla (RVMM); rostral (RVLM) and caudal ventro-
lateral medulla (CVLM). Male Fisher rats at 28 days were submitted to two different isocaloric
diets during the subsequent 35 days: control (CT) (15% protein) and malnourished (MN) (6%
protein). thirty min of intermittent (every 3 min) baroreflex stimulation was performed by
infusing phenylephrine (Phe—0.25 mM) or, as control, 0.9% NaCl (Sal). Following ninety minutes,
animals were anesthetized and perfused. The removed brains were sectioned (35 mm) and used
for c-fos immunohistochemistry. Images were analyzed using the software Leica Q Win. Despite
not altering the baseline MAP, malnutrition increased baseline HR and expression of c-fos in
RVMM. Increases in c-fos expression after intermittent stimulation of baroreflex were evident in
the PVH, medial NTS and CVLM in both dietary protocols. Current data further revealed a
differential neuronal recruitment to stimulation of baroreflex in the caudal commissural and
rostral NTS and RVLM of MN. We conclude that protein malnutrition modifies the cardiovas-
cular control and the pattern of central response to baroreflex stimulation.
& 2012 Elsevier B.V. Open access under the Elsevier OA license.e Elsevier OA license.
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Malnutrition is characterized as a deficit in energy balance
and protein, which may impair the functioning of various
physiological processes (Bertini, 2006). Currently, 14% of
world population is still affected by malnutrition (United-
Nations, 2008). Perinatal malnutrition and slowed weight gain
at birth are considered risk factors that predispose to cardi-
ovascular and metabolic diseases at a later stages of the life
(Barker et al., 1993; Barker and Clark, 1997). These are
standard indexes, likely used in experimental models that
evaluate the consequences of malnutrition upon metabolic
and cardiovascular adjustments (Meaney et al., 1996; Tropia
et al., 2001).
During critical periods of development, changes in the
systemic levels of hormones and neurotransmitters may
determine permanent neuronal dysfunction (Barker and
Clark, 1997; Plagemann et al., 2000), thus unbalancing the
central nervous system (Meaney et al., 1996; Plagemann et al.,
2000). These structural adaptations may modify the auto-
nomic outflow. In this regard, it is plausible to hypothesize
that the cardiovascular and metabolic effects observed in
malnourished animals during the peri- and postnatal periods
might be related to impairments in the central nervous
system. We have previously demonstrated that protein mal-
nutrition after weaning affects the autonomic control of the
cardiovascular system. In these studies, we found: (i)
increases in sympathetic vasomotor tone; (ii) changes in
baseline heart rate (HR) and mean arterial pressure (MAP);
(iii) alterations in the variability of these cardiovascular
parameters (Oliveira et al., 2004). We also demonstrated that
the gain of baroreflex before and after autonomic blockade of
the heart is impaired in this same nourishment condition.
Data suggesting important autonomic changes in this model
of malnutrition (Loss Ide et al., 2007) is supported by another
recent report in which cardiac autonomic dysfunction is
found in these animals (Martins et al., 2011).
Data from our laboratory demonstrates that the glutama-
tergic neurotransmission of the baroreflex is changed at
medullary levels in malnourished animals, thus providing
the first clue on the central origin of the autonomicFig. 1 – (A): Reflex HR changes in response to the increases in M
(r2¼0.1309) and malnourished (r2¼0.2020) rats. (B): Index of bar
and MAP evoked by Phe infusions.dysfunction in this model (Rodrigues et al., in press). Further-
more, we showed that protein malnutrition alters the sym-
pathetic reactivity, but not the ranges of MAP and HR
responses to the stimulation of cardiopulmonary reflex. This
differential sympathetic outflow further supports the idea
that centrally mediated mechanisms are prominently deter-
mining the autonomic dysfunction (Bezerra et al., 2011a,b).
Altogether, these data suggest that protein malnutrition
after weaning changes the regulation of the cardiovascular
reflexes, possibly altering central plasticity in such magni-
tude that interfere with the cardiovascular homeostasis.
Therefore, the central areas involved in these changes still
need to be unraveled. In the light of this idea, the hypothesis
then raised is that the protein malnourishment modifies the
responsiveness of specific brain regions to intermittent sti-
mulation of the baroreflex. To test this hypothesis, we
evaluated whether protein malnutrition is able to change
the expression of the marker of neuronal activity (Berquin
et al., 2000; Chan et al., 2000; Weston et al., 2003) c-fos protein
(immediate-early gene expression) in the paraventricular
hypothalamus (PVH); nucleus TRACTUS solitarii; rostral ven-
tromedial medullary areas (RVMM); raphe pallidus (RPa) and
raphe obscurus (ROb); caudal (CVLM) and rostral ventrolateral
medullary areas (RVLM).2. Results
2.1. Characterization of groups and baroreflex control
Compared to control, malnourished rats presented a reduced
body weight (279715 vs. 7573 g; Po0.05). A higher baseline
HR in MN group (484728 vs. 381717 bpm; Po0.05) was also
detected. There were no differences in the baseline MAP
(10575 vs. 11573 mmHg) and in the analysis of the baseline
baroreflex gain (1.570.2 vs. 2.270.5 bpm/mmHg) between
CT and MN. Despite the similarities in the baroreflex curve of
CT and MN (Fig. 1A), when analyzing the index of baroreflex
sensitivity (DHR/DMAP), we observed that malnourished rats
showed significantly different responses to Phe infusions
(Fig. 1B).AP (mmHg) induced by infusion of phenylephrine in control
oreflex sensitivity calculated from mean peak changes in HR
b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 0222.2. Expression of neuronal c-fos in response to intermittent
stimulation of the baroreflex
Table 1 summarizes the results of c-fos neuronal labeling in the
central nervous system. Fig. 2 presents the counting ofTable 1 – Neuronal activation in response to intermittent stim
malnourished (n¼7) rats #Non-significant vs. saline-infused g
CNS region Control phe
Area (mm2) Ratio
(number of labeled cells)
CVLM 0.23 278.7745.78
RVLM 0.48 260.0710.70
ccNTS 0.44 182.8756.58#
mNTS 0.44 413.8764.11
rNTS 0.44 275.6734.81#
Rob 0.5 75.22711.38#
Intermediate PVH 0.5 263.4749.08
Fig. 2 – (A): Number of c-fos labeled neurons in the PVH
Photomicrographs in different magnifications (5 and 20 ) de
(D and E) infused with phenylephrine. Dotted squares indicate
area¼0.25 mm2).c-fos labeled neurons in the PVH. Intermittent stimulation of
baroreflex with Phe produced similar levels of c-fos labeled
neurons in the PVH of CT and MN groups (Phe: 241733 vs.
224725) when compared to animals that received infusions of
Sal (11671 vs. 124714) (Po0.05, Phe vs. Sal). Interestingly, theulation of the baroreflex from control (n¼8) and
roup. Po0.05 vs. control infused with Phenylephrine.
Malnourished phe
/(mm2)
Area (mm2) Ratio
(number of labeled cells)/(mm2)
0.23 317.0720.32
0.48 150.7728.51
0.44 368.3745.94
0.44 530.5761.69
0.44 464.9767.49
0.5 161.7735.57
0.5 277.3741.00
of control and malnourished rats (Po0.0001 vs. saline).
pict the c-fos labeling in the PVH of MN (B and C) and CT
where the analysis of c-fos labeling were performed (frame
Fig. 3 – (A): Number of c-fos labeled neurons in the NTS of control and malnourished rats infused with saline and
phenylephrine (Po0.0001 vs. saline; #P¼0.0019 CT vs. MN). (B): Number of c-fos labeled neurons in the caudal-commissural,
medial, and rostral NTS of control and malnourished rats infused with saline and phenylephrine (Po0.05 vs. saline).
Photomicrographs in different magnifications (5 and 20 ) depict the c-fos labeling in the mNTS of MN (C and D) and CT
(E and F) infusedwith phenylephrine. Dotted squares indicate where the analysis of the c-fos labeling were performed (frame
area¼0.22mm2). CC – Central canal.
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b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 024intermediate region of the PVH (about 1.8 mm from bregma)
showed greater number of c-fos labeled neurons in both CTand
MN groups that received Phe infusions (132724 vs. 139721),
comparedwith the Sal groups (5479 vs. 62711) (Po0.05, Phe vs.
Sal). Photomicrographs in Fig. 2 depict the area of the PVH
where the expression of neuronal c-fos was analyzed.
Fig. 3 summarizes the results of c-fos expression in the NTS
of CTand MN that received infusions of Phe and Sal. Significant
increases in the number of labeled neurons were observed in
CT group following infusion of Phe (383.8758.19 vs. 166732;
Po0.05), when compared to Sal. Similar pattern was found in
MN (600747 vs. 245718) (Fig. 3A). However, the number of c-fos
labeled neurons was significantly higher in the NTS of MN thatFig. 4 – (A): Number of c-fos labeled neurons in the RVMM o
phenylephrine (P¼0.0306 vs. saline; #Po0.05 CT vs. MN). (B): N
and raphe obscurus (ROb) of control and malnourished rats inf
Photomicrographs (10 ) depict the c-fos labeling in the RVMM
squares indicate where the analysis of the c-fos labeling were
IV – fourth ventricle.received Phe infusions (Phe: CT vs. MN; Po0.05) (Fig. 3A). During
the analysis, NTS was divided into three regions: (i) caudal
commissural NTS (ccNTS); (ii) medial or intermediate NTS
(mNTS); (iii) and rostral NTS (rNTS). It is important to highlight
that, in the Phe-infused CT animals, the mNTS was the region
that presented the greater expression of c-fos. Compared to
those infused with sal, MN infused with Phe showed significant
difference in all subdivisons of the NTS [(ccNTS: 5575 vs.
162720; Po0.05); (mNTS: 8779 vs. 233727; Po0.05); (rNTS:
79712 vs. 205730; Po0.05)]. Photomicrographs in Fig. 3 depict
the mNTS, where we counted neuronal c-fos.
Grouped data of RVMM showed greater expression of c-fos
in MN animals infused with Phe (Fig. 4A). We also divided thef control and malnourished rats infused with saline and
umber of c-fos labeled neurons in the raphe pallidus (RPa)
used with saline and phenylephrine (Po0.05 vs. saline).
of MN (C) and CT (D) infused with phenylephrine. Dotted
performed (frame area¼0.5 mm2). Py – pyramidal tract;
b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 0 25rostral ventromedial medulla, in two different areas: raphe
pallidus and raphe obscurus. No differences were found in
the expression of c-fos in the RPa of both CT and MN infused
with Phe. However, a substantial increase in the number of c-
fos labeled neurons was found in the ROb of MN group
infused with Phe (81718 vs. 2975; Po0.05).
The number of c-fos labeled neurons in ventrolateral
medulla was significantly different between experimental
groups. CVLM showed greater labeling in CT and MN inter-
mittently infused with phenylephrine when compared to
saline [(CT: 64710 vs. 3075; Po0.05); (MN: 7375 vs. 2672;
Po0.05)]. No differences were found between CT and MN that
received Phe (Fig. 5A). Fig. 5(B–E) shows examples of the area
of CVLM where the analyses were performed. RVLM of CTand
MN intermittently infused with phenylephrine showed
greater labeling when compared to saline [(CT: 12575 vs.
38714; Po0.05); (MN: 73714 vs. 3573; Po0.05)], similar to the
level found in CVLM. However, the RVLM of MN seems to
react differentially to intermittent infusions of Phe as it
showed a small number of labeled neurons when compared
to CT in the same experimental conditions (Phe: CT vs. MN;
Po0.05) (Fig. 5F). Fig. 5(G–J) exemplifies the areas of the RVLM
where c-fos labeled neurons were counted.Fig. 5 – Number of c-fos labeled neurons in the ventrolateral me
infused with saline and phenylephrine (Po0.0001 vs. saline; #
magnifications (5 and 20 ) depict the c-fos labeling in: (i) CVL
and CT (I and J) infused with phenylephrine. Dotted squares in
Frame areas (CVLM and RVLM¼0.115 and 0.24 mm2, respective2.3. Relative neuronal labeling in response to intermittent
stimulation of the baroreflex
In order to provide a comparative chart on the density of the
c-fos neuronal labeling in the focused areas, we performed a
relative analysis in which the density of the labeling was
classified as low, moderate and intense (please, see methods).
It was found a striking difference in the c-fos labeling in some
central areas governing cardiovascular functions. Thus, in the
CT infused with Phe we found moderate labeling in CVLM,
RVLM and intermediate PVH. In the same group, there was an
intense labeling in the mNTS. MN infused with Phe presented
low labeling in RVMM and RVLM, moderate labeling in the
CVLM and intermediate PVH, and intense labeling in all
regions of the NTS (Fig. 6) - Table 1.3. Discussion
The major findings of the present study are. intermittent
activation of the baroreflex changes the expression of c-fos in
the PVH, medial NTS and CVLM, independent of the dietary
protocol offered to the animals. Furthermore, current datadulla (CVLM—A; RVLM—F) of control and malnourished rats
P¼0.0147 CT vs. MN). Photomicrographs in different
M of MN (B and C) and CT (D and E); (ii) RVLM of MN (G and H)
dicate where the analysis of c-fos labeling were performed.
ly). Amb – ambiguus nucleus; Py – pyramidal tract.
Fig. 6 – Schematic chart summarizing the density of c-fos labeling in response to intermittent stimulation of the baroreflex in
control and malnourished rats. Gray and black fields indicate low and intense neuronal labeling, respectively. Fields with
upward diagonal dashes indicates moderate c-fos neuronal labeling. CVLM—caudal ventrolateral medulla; RVLM—rostral
ventrolateral medulla; RVMM– rostral ventromedial medulla; NTS—nucleus tract solitarii.
b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 026suggest that malnourished animals present a differential
pattern of neuronal activation in some medullary nuclei
(NTS, RVLM and Rob) in response to stimulation of baroreflex.
Malnutrition is considered a disease, consequence of
restriction of protein or protein and calorie in the diet.
Despite obtaining relative progress towards eradicating the
malnutrition, it is still a major public health problem in some
countries (Bertini, 2006; Lucas et al., 1997; Plagemann et al.,
2000; United-Nations, 2008). Since it promotes changes in the
homeostasis of various systems, it is worth attempting
efforts to understand the pathophysiological processes
involved in this nutritional state. The model of malnourish-
ment used in the present study is isocaloric, based only on
the reduction in the amount of protein of the diet given to the
malnourished group from 15% to 6%. This represents a
dramatic reduction (approximately 60%) in the daily protein
intake. The validation of this experimental model is sup-
ported by the reduced body weight (about 73%) found in
protein malnourished rats and this data is similar to several
previous reports that also used malnutrition (Benabe et al.,
1993; Kim et al., 1994; Martinez-Maldonado et al., 1993).
Although the baseline HR of malnourished animals was
significantly higher when compared to control animals, the
baseline MAP of both MN and CT groups was not different in
the present study. Using a different methodological approach,
we have previously reported that protein malnutrition after
weaning did not alter the basal levels of MAP and HR in rats.
However, this same study provided evidences that sympa-
thetic tone is overactive in these animals (Tropia et al., 2001).
Later, we observed higher levels of basal MAP and HR
(Oliveira et al., 2004). Even with these slight differences in
the baseline values among studies, likely attributed to the
acquisition and analysis methods, they suggest autonomic
unbalance in malnourished rats. However, one study is
noteworthy in detailing the autonomic contribution to the
dynamic control of the cardiovascular parameters in mal-
nourished rats (Martins et al., 2011). Using pharmacological
approaches, we showed an unbalanced autonomic function,where an increase in the sympathetic tone and a reduced
parasympathetic outflow to the heart were found in mal-
nourished rats. In this study, frequency-domain measures of
HR variability showed an altered LF/HF ratio of malnourished
animals, indicating a predominance of sympathetic over the
parasympathetic tone (Martins et al., 2011). Therefore, it is
not unlike to propose that this autonomic unbalance exten-
sively reported (Bezerra et al., 2011a,b; Leon-Quinto et al.,
1998; Martins et al., 2011; Tropia et al., 2001) is responsible for
the increased baseline HR found in this study.
Recently, together with baroreflex dysfunction we have
reported higher baseline HR and reduced sympathoinhibition
to cardiopulmonary reflex in malnourished rats. These are
substantial evidences that the central control of the auto-
nomic function is markedly modified in animals underwent
protein malnutrition (Bezerra et al., 2011a,b). The question
then arises is whether these changes would be consequence
of the impact of malnutrition on the central nervous system
of malnourished animals. Since the cardiopulmonary reflex
and baroreflex share central pathways, the analysis of the
neuronal recruitment in medullary areas could be an asser-
tive strategy to understand the effects produced by this
model of malnutrition in the autonomic nervous system.
The reason for this focus in medullary areas is that the
recruitment of PVH neurons was similar in CT and MN
infused with Phe. Strikingly, we observed an increased
number of c-fos labeled neurons in the RVMM of MN.
Ventromedial medullary region is described to group neurons
that govern the sympathetic outflow to the heart and ther-
mogenesis (Cao and Morrison, 2003; Morrison and Nakamura,
2011; Morrison et al., 2012; Salo et al., 2009). Anatomic and
functional studies showed marked labeling in RVMM
(Amendt et al., 1979; Chiba and Masuko, 1989; Hofstetter
et al., 2005; Loewy, 1981; Morrison, 1993; Pardini et al., 1990).
Unlike the baseline tonic and phasic activities of RVLM
(Campos and McAllen, 1997; Campos and McAllen, 1999a;
Campos and McAllen, 1999b), stimulation of RVMM neurons
produces pronounced tachycardia (Cao and Morrison, 2003;
b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 0 27Cao and Morrison, 2006; Morrison, 2003). The recruitment of
RVMM neurons herein detected allow us to suggest that protein
restriction might be resetting the activity of these neurons, thus
increasing baseline HR probably to keep the cardiac output near
to physiologic levels. A growing body of research has indicated
a lack of uniformity in the activity of central pathways control-
ling the regional sympathetic supplies (Dampney et al., 2002;
Salo et al., 2006). It demands future assessment to reveal
whether or not there would be changes in this non-uniform
outflow generated by presympathetic medullary neurons in
malnourished rats.
Malnutrition after weaning may lead to autonomic impair-
ment by provoking morphological changes in the central
nervous system (Plagemann et al., 2000). Recently, we have
obtained evidences that the cardiovascular disorders typically
seen in protein malnourished rats might be related to
changes in the neurotransmission of medullary regions that
integrates cardiovascular reflexes. Data from our laboratory
revealed dysfunction in the glutamatergic neurotransmission
of the baroreflex at the level of RVLM in MN (Rodrigues et al.,
in press). Current data, which shows a reduced neuronal
recruitment at the level of RVLM after stimulation of the
baroreflex in animals submitted to protein malnutrition,
extent and support these unpublished findings. It is known
that activation of the baroreflex produces sympathoinhibi-
tion and parasympathetically mediated bradycardia. This
autonomic reactivity required for regulating peripheral resis-
tance and cardiac function, results also from the inhibition of
the activity of RVLM neurons by the gabaergic projection from
CVLM (Guyenet, 2006; Machado et al., 1997; Machado, 2001).
Thus, besides presenting changes in the glutamatergic neu-
rotransmission, RVLM of MN could respond differentially to
the inputs from other nuclei, as CVLM (Guyenet, 2006). This
seems plausible since the level of neuronal recruitment in the
CVLM after stimulation of the baroreflex was not influenced
by the difference in the dietary protocol.
The activation of the baroreflex also provoked a differential
pattern of neuronal recruitment in the NTS of CT and MN
animals. In both groups, infusions of Phe increased the
number of c-fos labeled neurons in the mNTS. Previous
studies that used same protocol to activate baroreflex pro-
vided similar information about the expression of c-fos in the
NTS (Cruz et al., 2008). However, when compared to CT, MN
rats showed a greater number of c-fos labeled neurons
throughout the regions of the NTS. This suggest that, in the
malnourished group, there would be a different neuronal
setting in the NTS, an area well known for receiving auto-
nomic inputs from the cardiovascular system (Guyenet, 2006;
Machado et al., 1997; Machado, 2001). Additional experiments
are necessary to better understand the changes in the
baroreflex circuitry during malnourishment.
We conclude that protein malnutrition after weaning
modifies the pattern of neuronal recruitment in response to
baroreflex stimulation. Unraveling the relevant central
mechanisms underlying the cardiovascular disorders
observed in protein malnutrition during critical period of
the development may provide important information to
elaborate clinical strategies for treating this disease. However,
further studies are still needed to elucidate more details of
these changes provoked by protein malnutrition.4. Experimental procedures
4.1. Animals
We used an established model of protein malnutrition
(Bezerra et al., 2011a,b; Loss Ide et al., 2007; Martins et al.,
2011; Oliveira et al., 2004; Tropia et al., 2001). During preg-
nancy and weaning periods, females received regular rat
chow and filtered water ad libitum. The offspring were
randomly picked up and eight puppies were kept per mother,
and the weaning period was set to 28 day. After the weaning,
male rats were separated from dams and kept in individual
cages. During next 35 days, rats were fed with either normal
or low protein content diet, to obtain our two experimental
groups: control and malnourished, respectively. The regular
protein diet contained 15% of protein whereas the low-
protein diet contained 6% of protein. These diets were
isocaloric (422 kcal/100 g of diet) and the salts and vitamins
were also similar. Animals were kept under these diet proto-
cols for 35 day and were used for experiments in the
subsequent day (36th). 16 control (CT) and 15 malnourished
(MN) rats were used in the study. These animals received
infusions of saline (CT, n¼8 and MN, n¼8) and phenylephrine
(CT, n¼8 and MN, n¼7). Experimental protocols were con-
ducted in accordance with the guidelines of: Brazilian Society
for Science in Laboratory Animals (SBCAL); EC Directive 86/
609/EEC for animal experiments. This study was approved by
the local Ethics Committee on Animal Use (CEUA – UFOP;
protocol 2009/09).
4.2. Evaluation of the cardiovascular baroreflex
Two days before experiments, animals were anesthetized
with ketamine and xylazine (50 and 10 mg/kg, ip, respec-
tively) and underwent catheterization of femoral artery and
vein. From the arterial cannula pulsatile arterial pressure was
acquired, which allowed on line calculation of HR and MAP.
Experiments were performed as described ahead. After
30 min of stabilization period, baroreflex was activated by
intermittent infusions of phenylephrine (Phe) 0.25 mM. Ten
infusions were performed. Every infusion lasted until the
change in mean arterial pressure achieves about 40 mmHg
and then turned off for the next 3 min. This approximate
magnitude of change in MAP is known for provoking the
expression of neuronal c-fos (Hoffman and Lyo, 2002; Weston
et al., 2003). During the infusion period, the pump (Bi 2000,
Insight) was set to provide the phenylephrine solution at a
rate of 12 ml/h. Infusions of saline (NaCl 0.9%) were used as
control.
4.3. C-fos immunohistochemistry
Ninety minutes after the end of cardiovascular recordings,
the animals were deeply anesthetized as described before
(item 2) and underwent transcardiac perfusion with 165 ml of
heparinized (5.000 U.I.) phosphate-buffered saline solution
(0.1 M PBS) and 264 ml of paraformaldehyde (PFA 4%). In this
perfusion we used a peristaltic pump (BP-600, Milan) at a
speed of 33 ml/ min. The brain was then removed and kept at
b r a i n r e s e a r c h 1 4 8 3 ( 2 0 1 2 ) 2 0 – 3 0284 1C in PFA (4%) for 24 h followed by 48 h in sucrose solution
(30%) for 48 h. Following, using a cryostat (Leica CM 1850),
35 mm brain slices were taken at temperature of 23 1C. The
brain slices were placed in ELISA plates, each wheel filled
with 2 ml of 0.1 M PBS, until the time for c-fos
immunohistochemistry.
4.4. Immunohistochemistry for c-fos
The protocol used for c-fos labeling was as previously
described (Cruz et al., 2008). Sections were washed with PBS
0.1 M using an orbital shaker (TS-2000A VDRL Shaker, BIO-
MIX) for 5 min. Then the slices were placed into 1% H2O2
solution for 10 min and rinsed (4 ) with PBS. Under stirring,
a solution with PBS (10 ml), Triton (20 mL) and serum blocker
(0.4 mL) was prepared. To this mixture, it was also added
2.5 ml of the primary antibody (1:4000) (anti c-fos, Santa
Cruzs). The solution obtained was distributed in ELISA plates
(2 ml per well) and the sections were reacted ‘‘free-floating’’
for 22 h. Subsequently, the sections were washed in PBS,
stirring, for 5 min (3 ). For all groups of animals there was
also a control group, in which the histological section was
processed without incubation with primary antibody for 24 h
to test the specificity and the reliability of the c-fos immu-
nohistochemistry protocol.
Sections were the incubated with the secondary antibody.
Under stirring, 25 ml of secondary antibody (biotinylated
antibody-Vectastains Kit) were added to the solution con-
taining PBS (10 ml), Triton (20 mL) and serum blocker (0.4 mL).
The solution obtained was distributed in ELISA plates (2 ml
per well) and the sections were allowed to react ‘‘free-
floating’’ for 1 h. After this period the sections were washed
(3 ) in PBS, stirring, for 5 min. Subsequently, we incubated
the slices in ABC solution (Vectastains Kit). Under agitation,
12.5 mL of PBS was mixed to a drop of solution A (Vectastatin
Kits) and a drop of solution B (Vectastatins Kit). The solution
obtained was distributed in ELISA plates (2 ml per well) and
then the sections reacted ‘‘free-floating’’ for 1 h. After this
period the sections were washed (3 ) in PBS, stirring for
5 min.
After these procedures the sections were revealed with
Diaminobenzidine (DAB), as follows. Under agitation PBS
(10 ml) were mixed with DAB (5 mg) at a temperature of
50 1C. The mixture was kept in agitation, but no heat, until
it reached room temperature. After cooling of this solution,
slices were transferred to H2O2 (10 ml—30%) for 10 min. Sec-
tions were then washed in PBS (2 ), stirring for 5 min.
Finally, slices were mounted on previously gelatinized
slides, coverslip with Permount. Images were acquired on
Leica DM5000 microscope and analyzed using the software
Leica Q Wins. We evaluated an average of eight sections per
slide of the studied areas. Neurons presenting c-fos immu-
noreactivity (fos-ir) were identified by the presence of a dark
nuclear staining (see arrows in Fig. 2B).
4.5. Analysis of results
Analysis of baroreflex gain—Linear regression was obtained
from an average of the intermittent stimulation, sampled
every 5 mmHg during the Phe-evoked pressor response. Thepeak amplitude changes in MAP and the associated reflex HR
responses were plotted against each other to provide an
index of baroreflex gain (bpm/mmHg). Regression lines were
obtained and the slopes were calculated (Guimaraes et al.,
2012; Tropia et al., 2001). Every animal provided an average of
the peak changes, obtained from the infusions. Average
values were used to calculate the mean change, which was
used to compare DHR/DMAP between control (n¼8) and
malnourished (n¼7) animals infused with Phe.
4.5.1. Relative neuronal labeling in response to intermittent
stimulation of the baroreflex
The atlas of Paxinos and Watson (Paxinos and Watson, 2007)
was used as a reference. The expression of c-fos in the
central areas studied was measured using the software Leica
Q Wins. To ensure the reliability of the neuronal counting
performed by the software, we have also randomly chosen
some slides to count neurons manually. Based on the marked
difference in the body weight between CT and MN, the first
possibility we considered was that there would be also
differences in the central areas. However, no significant
changes were found between CTand MN. Even so, we decided
to perform a relative analysis, since the density of the
labeling could be different between groups. Because there
were no significant differences in the sizes of the areas
analyzed between groups, we settled an area of 0.23 mm2 to
the CVLM, 0.48 mm2 for the RVLM, 0.44 mm2 to caudal-
commissural (ccNTS), medial or intermediate (mNTS) and
rostral NTS (rNTS) and 0.50 mm2 for Rob and intermediate
PVH. Since these areas had different sizes, we set a correla-
tion between the number of c-fos labeled neurons and the
area of the selected region. Thus, we proposed to classify the
density of the labeling as low, moderate and intense when
the values obtained in the delimited area ranged from 150 to
259, 260 to 367 and 368 to 530 fos-ir/mm2, respectively.
However, these values were considered only when a signifi-
cant increase in
c-fos expression in the group infused with Phe was found.
4.5.2. Statistics
The results were expressed as mean7standard error of mean.
Statistical tests used were Two-way ANOVA [(CT vs. MN)
(SAL vs. Phe)] or Student t test, when appropriate. Significance
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